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Abstract 
 
Apical Canal Transportation after Instrumentation with Two New Rotary Files; A 
comparative Study with Micro CT 
                                                   
Wisam Sakr, D.D.S. 
 
Introduction 
 
Excessive dentin removal in a single direction within the canal causes canal transportation. A study by 
Peters OA has shown that the canal transportation is highest apically. A number of cleaning and 
shaping principles have been previously suggested and should be followed to achieve optimum results. 
These principles include the developing of a continuously tapering funnel from the coronal access 
cavity to the root apex, following the original canal shape and maintaining the apical foramen in its 
original spatial relationship both to the periapical tissues and to the root surface. The aim of this study 
is to construct detailed three-dimensional images of root systems and measure the changes in canal 
anatomy, using TRUShape® 3D Conforming Files, and EdgeEvolve™ files.  
 
Materials and Methods 
 
Thirty maxillary molars were mounted at the cemento-enamel junction in modified poly-propylene 50 
ml centrifuge tubes using a radiolucent methyl methacrylate acrylic resin. All specimens were 
preoperatively scanned with microCT-40. Images from the microCT-40 were transferred to ImageJ® 
image analyzing software to assess the initial dentin thickness measured 1 mm from the apex. Canals 
were then instrumented to length with both file systems. Each specimen was measured after canal 
preparation in a manner identical to the pre-instrumentation measurement. Wilcoxon Rank Sum test 
was used to determine statistical variance between procedures. Both instruments resulted in no 
procedural errors.  
 
Results 
 
Transportation scores were 95±60 μm for TRUShape and 120±70 μm for EdgeEvolve. The overall 
canal transportation results by TRUShape were significantly lower (p<.05). However, both file 
systems had similar centric ratios with no statistically significant difference. 
 
Conclusion  
 
The amount of remaining dentin after shaping depends on canal transportation, and, in return, this 
number depends on canal curvature. Therefore, it is difficult to compare the present results with data 
from other studies; however, between the two instruments tested under present conditions, 
TRUShape®, resulted in less canal transportation and more remaining dentin in the canal walls. It 
continues to be a matter of debate if the amount of preserved structure will translate into enhanced 
clinical outcomes.
iii 
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Chapter 1 
Introduction 
         The goal of root canal therapy is to clean and shape the root canal system in such a way that 
would allow for the total eradication of microorganisms. Cleaning and shaping is considered to be the 
most significant step behind success or failure in endodontic therapy. Proper cleaning and shaping is 
achieved by not only the removal of inflamed/necrotic pulp tissue along with microorganisms and 
their toxins, but also allow adequate irrigation to reach the apical third of the root canal system to 
prepare for subsequent obturation.
1,2
 
           According to the Glossary of Endodontic Terms94 of the American Association of 
Endodontists  transportation is defined as “removal of canal wall structure on the outside curve of the 
apical half of the canal due to the tendency of files to restore themselves to their original linear shape 
during canal preparation; may lead to ledge formation and possible canal perforation.” 
           Regardless of the instrumentation technique, cleaning and shaping procedures invariably leads 
to dentin removal from canal walls.
3
 Root canal morphology changes during canal preparation, with 
these changes varying depending upon the technique employed. Canal transportation is defined as 
excessive dentin removal in a single direction within the canal rather than in all directions 
equidistantly from the center of the canal. 
4
     
             A study by Peters and others has shown canal transportation to be found most frequently in the 
apical region. The mean scores in their study varied from 1.8 to 50 µm, and that apical transportation 
occurs mainly in an outward direction in relation to the greater curvature regardless of the 
instrumentation technique used. 
29
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           The maxillary first molar is the largest tooth in volume and the most complex tooth in root 
canal anatomy.
14,15
 The mesiobuccal root has generated more research and clinical investigation than 
any other tooth root.
15,16
 In general, a concavity exists on the distal aspect of the mesiobuccal root, 
which makes this wall thin. On average, curved mesiobuccal canals often have greater canal 
transportation than most other canals.
14
 
             Two new NiTi rotary systems just introduced into the market are TRUShape® 3D 
Conforming files and EdgeEvolve™. All the following information about TRUShape® 3D 
Conforming file is from the DENTSPLY® website. TRUShape® 3D Conforming file (DENTSPLY® 
Tulsa Dental, Johnson City, TN, USA) has a unique S-shape design, allowing it to conform to areas of 
the canal larger than the nominal file size (Figure 1).This creates an envelope of motion that better 
disrupts biofilms for improved bacterial reduction (Figure 2).  As a result, TRUShape 3D Conforming 
files results in the preservation of more dentinal structure while at the same time removing pulp and 
debris along the entire length of the root canal (Figure 3). They reportedly create a predictable apical 
shape with up to 32% less apical transportation than found in conventional ISO prepared canals and 
also remove up to 36% less dentin with superior overall shaping when compared to conventional ISO 
rotary files.  
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                       Figure 1. A schematic drawing of TRUShape rotary files sizes #2 0 ,# 25 ,# 30 , and # 40  .0 6 v. 
 
          
                
 
 
Figure 2. A schematic drawing showing the unique S-shape design of Trushape and the                 
envelope of motion it creates. 
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Figure 3. A schematic representation of cross-sectional canal shapes before and after 
preparation with each file system. 
 
           All of the following information about the EdgeEvolve™ is from EdgeEndo® website. 
According to the manufacturer, “EdgeEvolve™ (EdgeEndo®) files are FireWire™ heat-treated and 
cryogenically tempered NiTi which makes the file’s triangular cross section incredibly strong, flexible 
and efficient in cutting— while the open flutes provide superior debris removal (figure 4). The 
revolutionary strength and flexibility of the FireWire™ heat-treated NiTi offers smoother cutting and 
greater versatility. EdgeEndo® rotary files are known to be the most flexible files available in the 
market. Better flexibility without shape memory conserves apical anatomy. EdgeEvolve™ is so 
flexible that a 40/1.0 bends as easily as some 0.04 taper files.  The unmatched flexibility allow for 
larger apex and tapers to shape canals. All EdgeEvolve™ files, including the 40/1.0 has a maximum   
 
 
5 
 
1 mm flute diameter. This conservative flute design and taper is purported to preserve more dentin 
than other files.” 
 
 
  Figure 4. A schematic representation of Edgevolve file size #25 .04 
 
         Several methodologies have been proposed to assess the action of endodontic instruments on 
canal walls. Some of the methods used include radiographic imaging, cross sectioning, and 
longitudinal cleavage of teeth.  More recently, a number of studies have used micro CT imaging to 
look at the effect of various instrumentation techniques and their efficiencies.
5-9
 Newer micro CT 
machines have vastly improved resolution and minimize projection errors from which earlier micro 
CT suffered.
10
 
11
 Micro CT has been particularly useful for studies on endodontic instrumentation 
because it permits both two dimensional and three dimensional evaluations of root canal geometry, 
and quantitative measurements of dentin removal from canal walls.
12
 Furthermore, micro CT also 
allows noninvasive evaluation of the root canal system and its morphologic characteristics in a 
detailed and accurate manner without destruction of the tooth. 
13
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Statement of the Problem 
          It is known that canal transportation occurs with rotary files, but the amount of apical canal 
transportation that TRUShape® 3D Conforming files & EdgeEvolve™ files cause in maxillary molars 
is unknown. Another unknown is whether or not the new TRUShape® 3D Conforming files can 
conform to unconstrained spaces while respecting constrained spaces with their innovative envelope of 
motion and ultimately cause less apical transportation than EdgeEvolve™ files. 
        The aim of this study is to construct detailed 3 dimensional images of root canal systems and 
measure the changes in canal anatomy, i.e. transportation using TRUShape® 3D Conforming files and 
EdgeEvolve™. 
Significance of the Study 
       The results of this study will give clinicians a better understanding of the two file systems tested 
and whether one system maintains the original canal anatomy of the MB roots in maxillary molars 
better than the other. This may have an impact on the file system that a clinician chooses for his 
curved, narrow, flat and complex canal systems. 
Null Hypothesis Tested 
        There is no difference between both TRUShape® 3D Conforming files and EdgeEvolve™ files 
in regards to apical canal transportation and centric ability. 
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Assumptions  
 Maxillary mesiobuccal roots have a ribbon like flat and narrow canal with an 
accentuated curvature. 
 The “danger zone” is located in the distal wall of the coronal section of maxillary 
mesiobuccal roots. 
 Regardless of the instrumentation technique, canal transportation is inevitable. 
 Apical transportation occurs mainly in an outward direction in relation to the greater 
curvature regardless of the instrumentation technique used.  
  Canal transportation is highest apically. 
 TRUShape® 3D Conforming files create a predictable apical shape with less apical 
transportation than conventional ISO prepared canals. 
 EdgeEvolve™ conservative flute design and taper preserves more dentin than other files. 
 Measurement by micro-CT is the most accurate way to determine dentin removal 
utilizing current technology.  
Limitations 
• This is an in-vitro study of a clinical procedure; therefore, the results may not correlate to 
an in vivo condition.  
• Small sample size.  
• Root canal anatomy can be widely varied from tooth to tooth.  
• Lengths of the roots are not standardized.  
• Degree of curvature of the mesiobuccal canals vary.  
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Delimitations 
• Each tooth was examined radiographically preoperatively with mesial to distal and buccal 
to lingual views.  
•  All roots selected preoperatively have curvatures between 11° to 35°.  
• All teeth were accessed by one clinician in the same systematic approach utilizing 
identical methods, thereby keeping procedures as consistent as possible.  
• The crowns were maintained to simulate, as closely as possible, the clinical endodontic 
practice, in which the interference of cervical dentin projections creates tensions on the 
files during root canal instrumentation. 
• The use of micro CT is a non-destructive way for measurement.  
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Chapter 2 
 
Review of the Literature 
1. Anatomy of the mesiobuccal root and curvature 
2. Transportation 
3. Procedural errors 
4. Apical enlargement to reduce the microbial load 
5. Larger apical preparation to promote irrigant efficacy 
6. Residual dental thickness (RDT) 
 
1. Anatomy of the mesiobuccal root and curvature 
        The maxillary first molar is the largest tooth in volume and the most complex tooth in root canal 
anatomy.
14,15
 The mesiobuccal root has generated more research and clinical investigation than any 
other tooth root.
15,16
 In general, a concavity exists on the distal aspect of the mesiobuccal root, which 
makes this wall thin. On average, curved mesiobuccal canals often have greater canal transportation 
than most other canals.
14
 
         Kuttler found that the average foramen to apex distance in all types of permanent teeth was 0.51 
mm.
17
 Green found the average distance from the apex to be 0.4 mm in the mesiobuccal root of 
maxillary molars.
18
 Palmer et al observed that canals in more than 50% of teeth sampled exited greater 
than 1 mm and some up to 2 mm short of the apex.
19
 In a more recent study, the distance between the 
physiologic and anatomic root apices in the mesiobuccal root of maxillary first and maxillary second 
molars has been measured between 0.78 mm and 0.82 mm, for the buccal canal and 1.53 mm and 1.42 
mm for the lingual canal, respectively.
20
 There is a clinical necessity to limit orthograde 
instrumentation short of the radiographic apex.
21
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            An in vivo study found radiographically that the distribution of main canals in the mesiobuccal 
root of maxillary first molars to be 19.3%, 77.2%, and 3.1% for mesiobuccal roots having one, two, 
and three canals, respectively.
22
 This compares with 20%, 79.8%, and 1.1% being found in one, two, 
and three canals, respectively.
21
 An ex vivo micro-computed tomography study also compared with 
similar results showing 20% incidence of one canal and 80% incidence of two canals in the 
mesiobuccal  root .
23
 Different methods of analysis, however, can affect results, as seen in a recent 
evaluation of maxillary first molar anatomy using ex vivo clinical and cone beam computed 
tomography.
24
 
         Using longitudinal grinding with a dye technique, Barrett found a 33%, 61%, and 6% incidence 
of one, two, and three canals, respectively, in the mesiobuccal root of maxillary second molars 
89
; 
whereas the clearing technique of Imura et al reported 33.4% with one canal and 66.3% of roots with 
two canals
25
. In another study the results were 38.1%, 60.3%, and 1.6% for one, two, and three canals, 
respectively.
21
 
 
2. Transportation 
          Regardless of the instrumentation technique, cleaning and shaping procedures invariably lead to 
dentin removal from canal walls.
3
 Root canal morphology changes during canal preparation with these 
changes varying depending on the technique employed. Canal transportation is defined as excessive 
dentin removal in a single direction within the canal rather than in all directions equidistantly from the 
main tooth axis causes. 
4
 According to Schilder transportation of the apical foramen is defined as 
moving the position of the canal’s physiologic terminus to a new iatrogenic location on the external 
root surface.
3
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            A Study by Peters and others has shown canal transportation to be found most frequently in the 
apical region. The mean scores in their study varied from 1.8 to 50 µm. And that apical transportation 
occurs mainly in an outward direction in relation to the greater curvature regardless of the 
instrumentation technique used. 
29
 
           Another study by Peters and others compared TRUShape® files with an established fixed taper 
instrument; Vortex® files, in mesial roots of mandibular molars.
30
 According to this study 
transportation scores were averaged over root canal thirds and ranged from 53±19 µm to 179±65 µm. 
Absolute canal transportation was significantly different (P < 0.5) at each canal third. Moreover, 
TRUShape® removed less bulk dentin and left more dentin wall. This difference was significant and 
amounts to about 36% and 26% less dentin removed when preparing to apical sizes #20 and #30, 
respectively.  
           Apical transportation can be sub-divided into three types
92
: 
- Type I transportation is a minor movement of the physiologic apical foramen’s position 
causing its iatrogenic relocation. 
- Type II transportation is a moderate movement of the physiologic apical foramen’s 
position causing a considerable iatrogenic relocation of the foramen on the external 
surface of the root. A larger communication with the periapical space exists, and 
attempt to create a more coronal shape may weaken or perforate the root. 
- Type III transportation is a severe movement of the physiologic canal’s position 
causing a significant iatrogenic relocation of physiologic foramen.  
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3. Procedural errors 
           Different undesirable outcomes of apical preparations such as damage to the apical 
foramen,93 elbow formation,68 zip formation and perforation31  are proposed as possible 
outcomes of canal transportation. Perforation is defined as a communication between the root 
canal space and the external root surface, which results in irritation of the periapical tissues. Zip 
formation results in an elliptical shape at the apical terminus. Similar terms describing the shape 
of a zipped apical part of the root canal are an hourglass shape,68 a teardrop93or a foraminal 
rip.95  Zipping is caused by using progressively larger and stiffer files to working length. It can 
result in a poorly cleaned root canal, which fails to provide a resistance form to compact gutta 
percha, and leads to obturation which is vertically overextended but internally under-filled. This 
contributes to leakage, infection and failure.92 
          The dimensional perspective of the ‘‘danger zone’’ in mandibular molars is that thin areas exist 
in the distal portion of the mesial root.
32
 These thin areas in the distal wall, which have been found to 
be sites of perforation during orthograde preparation, are compared with opposing thicker or ‘‘safety 
zone’’ areas in the mesial portion of the root. In maxillary molars because the distal canal wall 
thickness in coronal mesiobuccal root sections is thinner by 33%, concern for distal root perforation in 
the mesiobuccal root should be considered.
14,21
 
 
4. Apical enlargement to reduce the microbial load  
           To eliminate microbes from the root canal system, some authors have suggested that the size of 
apical preparation may be important in achieving that desired outcome.
33-39
 Weine defined the master 
apical file size as enlarging the apical portion of the root canal system three sizes larger than the first 
file that binds at working length.
90
 This was accomplished after coronal flaring of the root canal 
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system. It is unclear, however, where this binding occurred within the canal.
40-42
A thorough search of 
the literature failed to show what an optimal apical preparation diameter might be and it still remains a 
subject of uncertainty.
43
 Some authors have suggested creating a ‘larger’ apical preparation, followed 
by a 1-week dressing with calcium hydroxide.
33,44,45
 Other authors have suggested enlarging the apical 
size to a predetermined size beyond sizes 35 or 40,
36-38,45-50
while others have suggested that enlarging 
the canal three sizes larger than the first apical binding file would be adequate.
39,51-53
 It seems unclear 
where this “apical” binding is actually taking place since Wu et al. reported that the first file to bind in 
the apical root canal system did not necessarily reflect the true canal diameter at the proposed working 
length because the apical anatomy is often irregularly shaped and not a round configuration.
40
 
Therefore, preparing the apical canal to only three sizes larger than the first binding file does not 
ensure removal of the inner layer of dentin from all apical canal walls or all infected necrotic pulp 
tissue.
40
 Some authors have suggested that taper is more important than final apical size. It was 
reported that a taper of 0.10 allows for minimum instrumentation of the apical portion of the canal.
53
 
Rocas et al. reported that in terms of bacterial reduction, there was no significant difference between 
hand files with 0.02 taper, and nickel–titanium and rotary files with 0.04 taper NiTi instrumentation.54 
However, they also reported that rotary instrumentation with 0.04 taper had better microbial reduction 
in the same quantitative analysis by real-time polymerase chain reaction. In that study, the canals were 
instrumented to a similar apical diameter. However, Siqueira et al. reported that canal preparation to 
an apical size of 30 with a 0.02 taper was significantly more effective than rotary NiTi GT files with a 
size 20 tip and a 0.12 taper in reducing intracanal bacteria.
55
 Thus, it can be concluded that both taper 
and diameter are equally important in chemo mechanical instrumentation of the root canal system in 
reducing the bioburden. To date, only a few studies have addressed the clinical outcome of various 
master apical file sizes (MAFS), and despite conflicting claims, the ideal MAFS remains undefined in 
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any individual canal.
34,37,39,44,53,57
 In a systematic review, the authors reported that there was only one 
randomized controlled clinical trial (RCT) available to indicate that in patients with necrotic pulps 
undergoing root canal treatments, enlargement of the apical diameter resulted in a better healing 
outcome than smaller diameters.
57
  
 
5. Larger apical preparation to promote irrigant efficacy  
         Numerous studies have shown that mechanical cleaning of the root canal system alone is 
ineffective in completely removing bacteria.
37,38,49,51,56,58,59
 By using a chemical antibacterial agent 
such as sodium hypochlorite (NaOCl), ethylenediametetraacetic acid (EDTA), or chlorhexidine (CHX) 
in conjunction with mechanical cleaning, there was a significant improvement in disinfection of the 
canal system. This is essential for the success of endodontic therapy.
33,36
 Due to the complexity of root 
canal anatomy, there is currently no known antibacterial agent or irrigation device that can completely 
kill microorganisms in the canal system; therefore, adequate enlargement of the canal system allows 
for irrigation to become a critical step in achieving a high success rate for endodontic treatment
60,91
 
         Brunson et al. studied the effect of apical preparation size and taper on irrigant volume 
delivered.
61
 The study included 40 human single rooted teeth, and was divided into two phases. In the 
first phase, all samples were prepared with 6% taper and differing tip sizes, ranging from ISO sizes 30 
to 45. In the second phase, canals were prepared using the same tip size, but with different taper, 
ranging from 2% taper to 8% taper files. All samples were irrigated with a negative pressure micro-
cannula with NaOCl at working length for 30 seconds. Irrigant was collected and the volume was 
measured. The results were a 44% increase in volume of irrigant delivered when increasing apical 
diameter from ISO size 35 to 40. A change from ISO size 40 to 45 resulted in a 4% increase in 
volume. When comparing the taper size, a canal enlargement from 40.02 to 40.04, had a 74% irrigant 
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volume increase; 40.04 to 40.06 had a 5.4% irrigant volume increase; 40.06 to a 40.08 had 2.4% 
volume increase. This study concluded that apical preparation should be enlarged to an ISO size 35 to 
40 with a 4% tapered file. Such sizes are well balanced between the volumes of the irrigant introduced 
to the canal, while maintaining the integrity of the root structure. 
 
6. Residual dental thickness (RDT)  
       There has been an ongoing clinical dilemma between the importance of adequate apical 
enlargement for removing bacteria and necrotic tissue and the necessity of preserving the integrity of 
root structure.
62
  Many studies have recommended that the root canal space in the coronal segment 
should not exceed one third of the root diameter in all levels to preserve its mechanical integrity.
63-65
 It 
has also been recommended that a minimum of 1 mm circumference of remaining dentinal thickness 
should be maintained, as to not jeopardize root structure integrity.
66,67
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Chapter 3 
 
Materials and Methods  
           The application and approval for the Institutional Review Board (IRB) was applied for and 
obtained at West Virginia University. The IRB protocol tracking number is 1411494231. Forty 
extracted de-identified first and second human maxillary molars were obtained. The teeth were each 
marked with sample numbers for identification and preserved in normal saline solution (Figure 5). A 
dental hygiene student performed scaling and root planning to remove gross calculus and plaque from 
these teeth. 
          The cleaned teeth were secured with utility wax to the center of a digital sensor (Kodak RVG 
6100; Carestream Health, Rochester, NY). Radiographic images were taken with the X-ray tube in a 
fixed position (Figure 6), and exposures were made in the bucco-lingual and mesio-distal planes of 
each tooth. The images were recorded in MiPACS imaging software (Medicor Imaging, Charlotte, 
NC, USA). 
 
                                                        Figure 5. Radiograph for each tooth 
Tube head 
Static distance to tooth   
 Digital sensor 
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           The radiographs were examined to ensure that all maxillary root canals were visible 
radiographically. At the completion of the assessment, 30 of the 40 molars were chosen for inclusion 
in the study. The mean curvature of the mesiobuccal roots was 20° (Range: 10° to 35°). The 
calculation of root curvature has been described by Schneider as a line drawn parallel to the long axis 
of the root canal and a second line drawn from the apical foramen to intersect with the first line at the 
outermost point of the canal.
68
 The teeth were randomly divided into 2 groups (Figure 7) 
 
        The specimens were mounted at the cemento-enamel junction (CEJ) in modified polypropylene 
50-ml centrifuge tubes (Thermo Fisher Scientific, Waltham, MA) using a radiolucent methyl 
methacrylate acrylic resin (Varidur® Buehler LTD, Lake Bluff, IL) (Figure 8). Each tooth was 
embedded upright in one centrifuge tube. The facial and mesial surfaces of each tooth were marked for 
scanning purposes to ensure operator consistency (Figure 9). 
 
 
 
Figure 6. Radiolucent methyl methacrylate acrylic resin 
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Figure 7. Tooth was mounted in the tube and buccal surface was marked 
 
 
         Scanning of the teeth was conducted at the National Institute of Standards and Technology 
(NIST) (Gaithersburg, Maryland). A microCT-40 (Scanco Medical, Switzerland) with an isotropic 
voxel size (18μm) was utilized to scan the specimens. The radiographic settings were 75kVp and 
114μA (Figure 10). All specimens were covered with wet paper towel and sealed with paraffin wax to 
keep teeth moisturized during the experiment. The teeth were mounted in a centrifuge tube that was 
inserted into a sample holder for mCT measurement (Figure 11a). The sample holder was then placed 
on the specimen table inside the chamber of the microCT-40 to be scanned (Figure 11b). 
 
 
   
 
   Figure 8. MicroCT-40 (Scanco Medical, Switzerland). 
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         Figure 9a. Tooth mounted centrifuge tube was inserted into a sample holder for mCT measurement. 
 
 
 
 
Figure 9b. The sample holder was placed on the Specimen table inside the chamber of the Micro CT-
40. 
 
 
           Images from the microCT-40 were transferred to ImageJ® image analyzing software (NIH, 
Bethesda, MD) to assess initial dentin thickness of the dentinal wall of each canal of each mesial 
buccal root when measured 1 mm from the apex. A cross sectional image at 1 mm was used for 
measurement.   
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            The extent and direction of canal transportation was determined by measuring the shortest 
distance from the edge of the uninstrumented canal to the edge of the tooth in both a mesial and distal 
directions and then comparing this with the same measurements taken from the instrumented images. 
The following formula was used for the transportation calculation: (X1 - X2) - (Y1 - Y2). X1 
represented the shortest distance from the outside of the curved root to the periphery of the 
uninstrumented canal, Y1 represented the shortest distance from the inside of the curved root to the 
periphery of the uninstrumented canal, X 2 represented the shortest distance from the outside of the 
curved root to the periphery of the instrumented canal, and Y2 represented the shortest distance from 
the inside of the curved root to the periphery of the instrumented canal (Figure 12). A result of 0 from 
the canal transportation formula indicates no canal transportation.
10
 To get the mean transportation 
scores absolute values were used. 
          The mean centering ratio is a measure of the ability of the instrument to stay centered in the 
canal. This ratio was calculated for each section using the following ratio: (X1 - X2) to (Y1 - Y2). The 
numerator for the centering ratio formula was the smaller of the two numbers (X 1 - X2) or (Y1 - Y2), 
if these numbers were unequal (Figure 12). Using this formula, a result of 1 for the centering ratio 
would indicate perfect centering.
10
Absolute values were also used to get the centering ratio values. 
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Figure 10. Representative drawing of tooth sections showing how transportation, centering ratios, and 
largest diameter of the tooth were derived. Uninstrumented image (left): original canal space 
represented by dark shaded area. Instrumented image (right): light shaded area represents canal shape 
after instrumentation. Largest diameters of tooth measurements were used to compare the scans to 
actual teeth sections. 
        
 
          One operator performed the mechanical shaping of the canals to minimize operator variation. The 
teeth initially were accessed with a 330 carbide bur (Brasseler USA, Savannah, GA, USA) in high 
speed handpiece with water coolant. Once in the chamber, Endo-Z bur (Dentsply, York, PA, USA) 
was used to enlarge the access outline and to facilitate locating the MB and DB orifices. Canals were 
initially negotiated with a size 10 K file (Flexofile®, Dentsply, York, PA, USA). The working length 
(WL) was established 1 mm short of the radiographic apex. A glide path was established with size 15 
K file, (Flexofile®, Dentsply, York, PA, USA) and canals were sequentially instrumented to length 
with nickel titanium rotary files according to the group they were assigned. Also, speed and torque 
were set according to the manufacturer’s instructions for that specific file and were then set on the 
rotary motor (Endo-MateDT, NSK Dental LLC, Hoffman Estates, IL, USA). The nickel titanium 
rotary files were also used in a fashion that followed the manufacturer’s recommendations, utilizing an 
in and out motion.  Canals were rinsed with 5ml of 2.5% NaOCl between each file change using a 30 
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gauge side vented needle (Prorinse®, Dentsply, York, PA, USA). Needles were inserted as deep as 
possible without binding in the canal. Once the canal was instrumented to length, a final rinse of sterile 
water was used and the canal was dried with sterile paper points.  
          The teeth were scanned after canal preparation in a manner identical to the pre-instrumentation 
scan. Each specimen’s images were then transferred to ImageJ® to measure RDT in a manner 
identical to the pre-instrumentation measurement (Figure 13). All specimens were covered with wet 
paper towel and sealed with paraffin wax to keep teeth moisturized during the experiment. 
 
 
 
Figure 11. Micro CT; Before preparation showing X1 on the left and after preparation showing X2 on the 
right.  
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Statistical Analysis 
 
Statistical Methods 
        
        All available observations (N = 30) were used in analyses. Distribution and sample size 
considerations were explored to determine the correct analysis plan for each research measure. 
Wilcoxon Rank Sum tests were found to be appropriate for comparisons of both transportation 
measures and centering ratios. All statistical tests were performed at the 95% significance level. 
Data management, diagnostics, and analyses were carried out solely in SAS 9.3 (SAS Inc., Cary, 
NC). 
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Chapter 4 
 
Results                                       
Transportation 
         Fifteen teeth were each divided into respective EdgeEvolve and Trushape groups and 
transportation measure differences were analyzed using a Wilcoxon Rank Sum test (respective 
distributions of transportation measures can be found in Figure 14). The teeth in the TruShape group 
(μ = 0.00253, SD = 0.00177) had statistically significantly smaller transportation measures than those 
in the Edge Evolve group (M = 0.00453, SD = 0.00283) at the 95% significance level (W = 287.0, p = 
0.023). 
Centering Ratio 
         Fifteen teeth were each divided into respective EdgeEvolve and Trushape groups and centering 
ratio differences were analyzed using a Wilcoxon Rank Sum test (respective distributions of centering 
ratios can be found in figure 16). The teeth in the TruShape group (μ = 0.323, SD = 0.287) did not 
differ in a statistically significant manner with measures from those in the Edge Evolve group (M = 
0.379, SD = 0.258) at the 95% significance level (W = 256.0, p = 0.337). 
          During instrumentation, all 30 specimens were found to be apically patent with size 10 K files, 
and patency was maintained during the instrumentation procedures. No separation of any NTR 
instruments occurred during the mechanical preparation phase of the experiment. Based upon 
evaluation of radiographs, no visible perforations, ledges or apical strippings were detected. 
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Table of Results 
 
 
 
Table 1. Shaping outcomes of canal transportation and centic ability of MB canals with 
EdgeEvolve™ and TruShape®.  
 
 
                 
 
Figure 12. Diagrammatic illustration of the respective distributions of transportation scores 
for EdgeEvolve™ and TruShape®. 
 
 
 
# of teeth Mean ± St. Dev. Median  
Transportation 
EdgeEvolve™ 15 0.0045 ± 0.0028 0.005 
TruShape® 15 0.0025 ± 0.0018 0.002 
    
Centering Ratios 
Edge Evolve™ 15 0.379 ± 0.258 0.330 
True Shape® 15 0.323 ± 0.287 0.250 
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Figure 13. Diagrammatic representation of the respective distributions of the Wilcoxon 
scores for transportation. The diamond is the mean score & the straight line is the median 
score.    
 
               
 
Figure 14. Diagrammatic illustration of the respective distributions of centering ratio 
scores for EdgeEvolve™ and TruShape®. 
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Figure 15. Diagrammatic representation of the distributions of the Wilcoxon scores for 
centering ratios. The diamond is the mean score & the straight line is the median score.    
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        Figure 16. An illustration of TRUShape® preparation with minimal transportation 
    
 
 
        Figure 17. An illustration of EdgeEvolve™ preparation showing more evident transportation  
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Discussion 
          This study was designed to determine the canal transportation and centric ability of TRUShape® 
and EdgeEvolve™ files and whether or not there is a statistical difference of those parameters between 
the two file systems. Due to distributional and sample size concerns, nonparametric methods were 
used in analyses, and each individual measure per observation, whether it be centering ratio or 
transportation, was looked at in a “rank” sense within the context of the other measures. Transportation 
was shown to be lower in the TRUShape® group, however, there was no statistical significant 
difference in centering ratios. This means that even while the transportation values in EdgeEvolve™ 
group may have been higher, the ratio of the movement either to the right or to the left was almost the 
same between the groups. Essentially, if EdgeEvolve™ recorded a certain centering ratio for one 
tooth, then TRUShape® would record a similar centering ratio, albeit with a lower transportation value 
in either horizontal direction. In fact, while EdgeEvolve™ removed more of the tooth than 
TRUShape® it stayed slightly closer to the center of the tooth, however, this is not a statistically 
significant result. Furthermore, Even though there is a statistical significant difference in the 
transportation scores between the two file systems it is in microns and it is not of any clinical 
significance. 
           Mesiobuccal root canals of extracted human maxillary molars were used in the present study 
because they usually present an accentuated curvature, mesiodistal flattening and are extremely 
narrow. These characteristics are additional shortcomings in root canal therapy during chemo-
mechanical instrumentation and make cleaning and shaping of these canals more difficult, mainly in 
isthmus areas where there is more chance of iatrogenic mishaps.  
          A number of cleaning and shaping principles and practices have been previously suggested and 
should be followed to achieve optimum results in canal preparation. These principles include; first, 
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development of a continuously tapering funnel from the coronal access cavity to the root apex; second, 
following the original canal shape; and third, maintaining the apical foramen in its original spatial 
relationship both to the periapical tissues and to the root surface. 
3
 However, it is more difficult to 
adhere to these principals in curved canals because current instrumentation techniques are more likely 
to divert the canal away from its original axis. This increases the chances of procedural errors, which 
includes canal transportation, apical zipping, ledging and strip perforations. 
69
 
70
 
71
  
          The anatomy of the maxillary first and second molars in this study compared to the 
different canal configurations in micro CT study by Somma.23 
          Apical transportation may be managed by altering your treatment strategy according to 
the type of transportation. In canals exhibiting type I transportation, if sufficient residual dentin 
is maintained and the preparation shape above the foramen can be corrected then the canal can 
be cleaned and obturated. Type II cases are managed by placing a barrier to control bleeding and 
provide a backstop to pack against during subsequent obturation procedures. In type III 
situations, a barrier technique is usually not feasible; it requires obturation as best as possible 
followed by corrective surgery.92 
          Studies have indicated that differences in canal anatomy - straight or curved/ flat or oval/ narrow 
or wide- when comparing roots would play a significant role for shaping outcomes. 
13
 More ribbon-
shaped or flat canals such as mesiobuccal canals would have more unprepared canal areas and greater 
canal transportation than found in larger palatal canals. Different preparation techniques and 
instruments have been developed and modified to overcome the challenges that curved canals present. 
Nickel titanium (NiTi) files have been shown to significantly reduce procedural errors when compared 
to hand instruments. 
29
 
72
 
73
 
74
 
 
 
31 
 
           Most of the NiTi rotary instruments presently operate in continuous rotary motion. However, 
several studies have suggested uisng a reciprocating rotary motion as an alternative to continuous 
rotary motion in order to increase fatigue resistance and decrease procedural errors, while still 
increasing efficiency and decreasing procedural times. 
75
 
76
 
77
 
78
 The reciprocating rotary movement is 
based on the balanced force technique, which was designed to maintain the curvature without 
distorting the shape of the root canal. 
78
 
79  
          More studies are needed to compare those file systems in regard to other parameters such as 
amount of remaining unprepared canal walls, amount of remaining bacteria and amount of 
unnecessary dentin removal. 
           A study by Peters and others has shown canal transportation to be found most frequently in the 
apical region. The mean scores in their study varied from 1.8 to 50 µm, and that apical transportation 
occurs mainly in an outward direction in relation to the greater curvature regardless of the 
instrumentation technique used. 
29
 
            Another study by Peters and others compared TRUShape® files with an established fixed taper 
instrument, Vortex® files, in mesial roots of mandibular molars.
30
 According to this study 
transportation scores were averaged over root canal thirds and ranged from 53±19 µm to 179±65 µm. 
Absolute canal transportation was significantly different (P < 0.5) at each canal third. Moreover, 
TRUShape® removed less bulk dentin and left more dentin wall. This difference was significant and 
amounts to about 36% and 26% less dentin removed when preparing to apical sizes #20 and #30, 
respectively.  
               The following are studies that do not directly relate to canal transportation but they are 
included to show other parameters that were evaluated for the novel file TRUShape®. 
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         The amount of unprepared canal surface has been the focus of many studies in the mesial root 
canals of mandibular molars and has been found to vary greatly, from about 16% to 48%.
80-85
 The 
same study by Peters and others comparing TRUShape® and Vortex® found that shaping to a size #20 
with either instrument is sufficient to attain a high proportion of instrumented surface of the canal 
wall.
30
 However, at size #30, 85% or more of the mesial canal surface in mandibular molars was 
instrumented by both files. 
            A study by Brotoluzzi and others measured the efficacy of TRUShape® in eliminating canal 
wall bacteria from oval shaped root canals in maxillary single rooted premolars when compared to 
Twisted® Files.
86
 This study found that TRUShape® files removed significantly more canal wall 
bacteria than Twisted® Files when used without an antibacterial irrigant, and that an antibacterial 
irrigant is required to decontaminate dentinal tubules. 
             A study by Zuolo and others compared the efficacy of TRUShape® and Reciproc® file 
systems in the removal of root canal filling material using micro CT.
87
 This study found that there was 
no difference regarding the percentage of remaining filling material when comparing both file 
systems; however, Reciproc® was faster than TRUShape®. 
          A study by Vasconcelos and others evaluated the effect of two different temperatures (20°C and 
37°C) on the cyclic fatigue life of rotary instruments and correlated the results with martensitic 
transformation temperatures.
88
 This study found that for the tested size #25 at 20°C, Hyflex CM® 
showed the highest resistance to fracture; no significant difference was found between TRUShape® 
and Vortex Blue®, Pro-Taper Universal® showed the lowest resistance to fracture. At 37°C, 
resistance to fatigue fracture was significantly reduced up to 85%, for the tested instruments 
 (P < .001); at that temperature, Hyflex CM® and Vortex Blue® had similar and higher fatigue 
resistance compared with TRUShape® and ProTaper Universal®. 
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           According to the EdgeEndo® website an internal study was conducted on cyclic fatigue rates. 
Average time to failure in seconds was tested comparing EdgeEvolve™, Vortex Blue®, Sybron 
K3XF®, Sybron K-3®, GT Series X®, Protaper®, Sequence® files. The results are shown in (Figure 
20). This data showed that EdgeEvolve™ files have a time to failure that is more than double the time 
to failure for Vortex Blue® files, which is more than all the other files tested. No other studies 
performed on EdgeEvolve™ were found during my literature search. 
 
 
 
 
Figure 18. Cyclic fatigue rates for EdgeEvolve™ , Vortex Blue®, Sybron K3X®F, Sybron K-3®, GT  
Series X®, ProTaper®, and Sequence® Files. 
 
 
 
 
 
 
 
 
 
34 
 
Chapter 5 
 
 
Conclusion  
 
         The amount of remaining dentin after shaping depends on canal transportation, and, in return, 
this number depends on canal curvature. Therefore, it is difficult to compare the present results with 
data from other studies; however, between the two instruments tested under present conditions, 
TRUShape®, resulted in less canal transportation and more remaining dentin in the canal walls. It 
continues to be a matter of debate if the amount of preserved structure will translate into enhanced 
clinical outcomes. 
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                                                                             Appendix 
 
 
         
          
             Table of values for Transportation and centering ratio using absolute values 
Tooth Group X1 X2 Y1 Y2 X Y Transportation Centering Ratio
1 1 0.032 0.03 0.044 0.042 0.002 0.002 0 1
2 1 0.038 0.029 0.048 0.044 0.009 0.004 0.005 0.44
3 2 0.057 0.055 0.06 0.057 0.002 0.003 0.001 0.67
4 2 0.049 0.04 0.047 0.045 0.009 0.002 0.007 0.22
5 1 0.055 0.01 0.048 0.042 0.004 0.006 0.002 0.67
6 1 0.04 0.032 0.044 0.042 0.008 0.002 0.006 0.25
7 2 0.056 0.053 0.037 0.033 0.003 0.004 0.001 0.75
8 2 0.032 0.031 0.028 0.028 0.001 0 0.001 0
9 1 0.03 0.022 0.054 0.051 0.008 0.003 0.005 0.375
10 1 0.03 0.03 0.048 0.041 0 0.007 0.007 0
11 2 0.048 0.043 0.028 0.027 0.005 0.001 0.004 0.2
12 2 0.034 0.034 0.03 0.028 0 0.002 0.002 0
13 1 0.024 0.022 0.059 0.052 0.002 0.007 0.005 0.286
14 1 0.023 0.022 0.033 0.03 0.001 0.003 0.002 0.33
15 2 0.058 0.057 0.036 0.033 0.001 0.003 0.002 0.33
16 2 0.048 0.04 0.035 0.028 0.008 0.007 0.001 0.857
17 1 0.038 0.033 0.028 0.026 0.005 0.002 0.003 0.4
18 1 0.045 0.044 0.026 0.022 0.001 0.004 0.003 0.25
19 2 0.057 0.053 0.06 0.058 0.003 0.002 0.001 0.66
20 2 0.044 0.043 0.054 0.051 0.001 0.003 0.002 0.33
21 1 0.065 0.062 0.033 0.032 0.003 0.001 0.002 0.33
22 1 0.053 0.052 0.049 0.04 0.001 0.009 0.008 0.11
23 2 0.048 0.047 0.036 0.032 0.001 0.004 0.003 0.25
24 2 0.056 0.051 0.029 0.029 0.005 0 0.005 0
25 1 0.048 0.042 0.069 0.052 0.006 0.017 0.011 0.353
26 1 0.038 0.034 0.029 0.028 0.004 0.001 0.003 0.25
27 2 0.032 0.032 0.036 0.034 0 0.002 0.002 0
28 2 0.049 0.043 0.037 0.035 0.006 0.002 0.004 0.33
29 1 0.06 0.053 0.029 0.028 0.007 0.001 0.006 0.143
30 2 0.045 0.044 0.047 0.043 0.001 0.004 0.003 0.25
